Synthesis and characterization of achiral 1 and new chiral macrocycles (R,R)-2, (S,S)-3 and (S,S)-4 containing a triphenylphosphanone unit have been accomplished. A new method was used for the reduction of phosphanones to phosphanes. Using this method new potential catalyst ligands 15, (R,R)-16, (S,S)-17 and (S,S)-18 containing a triphenylphosphane unit were synthesized and characterized. These ligands are promising candidates for coordination chemistry studies and homogeneous catalytic reactions.
Introduction
Trivalent phosphane compounds have gained great attention in organic chemistry since 1948 [1] [2] [3] [4] [5] [6] [7] [8] due to their complexing ability and their potential use as catalysts in homogenous reactions, such as hydrogenation 9, 10 for example. Although P-heterocyclic ligands are becoming the subjects of a more and more important research area, However, with most of these reported methods the phosphane is difficult to purify. There are reported reductions using triethoxysilane, but in all cases Ti compounds and a solvent, for example benzene are used. [24] [25] [26] [27] [28] [29] [30] In this paper we report an easy way to deoxygenate phosphanones using trimethoxy-or triethoxysilanes without a solvent and a catalyst, gaining macrocycles 1, (R,R)-2, (S,S)-3, (S,S)-4 containing a triphenylphosphane unit. Crown ethers 1 and 5 are already known compounds 14 , here we describe a new route for their preparation, which gives better yields. Enantiopure macrocycles (R,R)-2, (S,S)-3, (S,S)-4, (R,R)-6, (S,S)-7, and (S,S)-8 are new compounds. 
Results and Discussion
The preparation of ligands containing a phenyl diarylphosphanone unit [5, It was planned to prepare new crown ethers (S,S)-7 and (S,S)-8 by macrocyclization of the reported phenyl bis(2-hydroxyphenyl)phosphanone (11) 32 and the reported enantiopure dimethyland dioctyl-substituted tetra-and pentaethylene glycol ditosylates 33 [(S,S)-12, (S,S)-13] at 80 °C in DMF using K 2 CO 3 as a base (see Scheme 2) . Although there is a reported procedure 32 for the preparation of phosphanone 11, we could not reproduce it with acceptable yields, so we tried to find another way.
The free hydroxyl groups of the known ethyl bis(2-hydroxyphenyl)phosphinate (14) 34 were protected by O-benzylation using benzyl bromide and K 2 CO 3 . O-benzyl ethyl phosphinate 15 was obtained in 71% yield and transformed to triphenylphosphanone derivative 16 using the same method as described above for 5 and (R,R)-6. The benzyl protecting groups were removed by hydrogenolys in a very good yield (see Scheme 3). There are numerous silane reducing agents for the preparation of phosphanes from phosphanones in the literature, but in most of those cases it is difficult to get the product from the reaction mixture, or to avoid using a solvent, such as benzene. 24, 28, 29 We tried to find an easy and simple way for the deoxygenation of phosphanones. First triphenylphosphanone (17) was used as a model compound to investigate the reduction. Triethoxysilane and trimethoxysilane were applied as the reducing agents in a sealed tube. The experiments showed that both reducing agents were effective, and the purification was easy in both cases. The silanes were both the reagent and the solvent, and after completion of the reaction the unreacted silanes were removed by simple evaporation under reduced pressure. Using trimethoxysilane we obtained a slightly better yield for 18 than applying triethoxysilane (see Scheme 4) .
Scheme 4. Reduction of triphenylphosphanone to triphenylphosphane.
The reduction of the crown ethers containing the triarylphosphanone unit was carried out as well. Macrocycles 5, (R,R)-6 and (S,S)-8 were deoxygenated using trimethoxysilane in good yields (see Scheme 5).
Scheme 5. Reduction of phosphanone-crown ethers using trimethoxysilane.
We wanted to know if the reduction procedure using triethoxysilane also works in the case of crown ethers. Macrocycle (S,S)-7 was also deoxygenated using triethoxysilane (see Scheme 6). Thus we can say that both reducing agents are suitable for the reduction of phosphanone-crown ethers as well. Although macrocycles 1 and 5 were prepared earlier, the reported yields were rather low and the compounds were not well characterized. 14 In our hands, the compounds are fully characterized. We note here that in the MS spectra of the phosphanes 1, (R,R)-2, (S,S)-3 and (S,S)-4 only the molecular peaks for the appropriate phosphanones could be found. The completion of the phosphanone-phosphane transformation was proved by 31 P-NMR (the difference of the concerning δ values was larger than 45), IR (the lack of the peaks for phosphanones in the spectra of phosphanes) and TLC analysis (big differences in R f values).
The synthesis and characterization of achiral 1 and new enantiopure (R,R)-2, (S,S)-3 and (S,S)-4 crown ethers containing a triarylphosphane unit have been carried out successfully. The appropriate phosphanones were reduced to phosphanes applying trialkoxy silanes. As a reducing agent neat trimethoxysilane or triethoxysilane without any solvents and/or catalysts was used successfully. These macrocycles containing a triphenylphosphane unit are promising precursors of catalysts for transition metal catalytic reactions. We plan to study the metal ion complexing ability and homogeneous catalytic behavior of these crown ethers.
Experimental Section
General. Infrared spectra were recorded on a PerkinElmer Spectrum 400 FT-IR spectrometer, with Universal ATR Sampling Accessory, Composite Diamond/ZnSe Crystal. PerkinElmer Spectrum 6.3.2 software was used for data acquisition and qualitative analyses. Optical rotations were taken on a Perkin-Elmer 241 polarimeter that was calibrated by measuring the optical rotations of both enantiomers of menthol. H-NMR spectra were taken either on a Bruker DRX-500 Avance spectrometer (500 MHz, reference: TMS) or on a Brucker 300 Avance spectrometer (300 MHz, reference: TMS) and it is indicated in each individual case. 13 C-NMR spectra were taken either on a Bruker DRX-500 Avance spectrometer (125.8 MHz, reference: TMS) or on a Brucker 300 Avance spectrometer (75.5 MHz, reference: TMS) and it is indicated in each individual case. 31 P-NMR spectra were recorded on a Brucker 300 Avance spectrometer (121.5 MHz, reference: H 3 PO 4 ). HPLC-DAD-MS/MS experiments were performed on an Agilent 1200 HPLC system(G1379B degasser, G1312B binary gradient pump, G1367C autosampler, G1316B column thermostat and G1315C diode array detector) coupled with an Agilent 6410 triple quadrupole mass spectrometer equipped with an ESI ion source (Agilent Technologies, Waldbronn, Germany). Masshunter B.03.01 software was used for data acquisition and qualitative analyses. Chiral HPLC measurements were carried out on a Phenomenex, Lux Cellulose-2 column (5 µm, 250x6 mm). Elemental analyses were performed in the Microanalytical Laboratory of the Department of Organic Chemistry, Institute of Chemistry, L. Eötvös University, Budapest, Hungary. Starting materials were purchased from Sigma-Aldrich Corporation unless otherwise noted. Melting points were taken on a Boetius micro-melting point apparatus and were uncorrected. Silica gel 60 F 254 (Merck) plates were used for TLC. Silica gel 60 (70-230 mesh, Merck) were used for column chromatography. Silica gel 60 F 254 and aluminium oxide 150 F 254 (Merck) plates were used for PLC (preparative layer chromatography). Ratios of solvents for the eluents are given in volumes (mL/mL). Solvents were dried and purified according to well-established 35 methods. Evaporations were carried out under reduced pressure unless otherwise stated. (14) 34 (10.00 g, 37 mmol), benzyl bromide (10.77 mL, 90 mmol) and finely powdered anhydrous K 2 CO 3 (49.67 g, 360 mmol) were mixed with vigorous stirring in dry DMF (330 mL) under Ar. The temperature of the reaction mixture was raised to 50 °C and kept stirring at this temperature until TLC analysis showed the total consumption of the starting materials (2 days). The solvent was removed at 40 °C and CH 2 Cl 2 (400 mL) and water (300 mL) were added to the residue. The phases were shaken well and separated. The aqueous phase was extracted with CH 2 Cl 2 (3x150 mL). The combined organic phase was dried over MgSO 4 , filtered and the solvent was removed. The crude product was recrystallized from toluene to give 15 (11.63 g, 71%). mp 111-113 °C (from toluene). R f : 0.36 (silica gel TLC, acetone-hexane 1:2). 3 mmol) was added under Ar. The mixture was stirred at reflux temperature for 3 hours and then at rt for 15 minutes. The solvent was removed and dry toluene (300 mL) and dry ether (100 mL) were added to the residue under Ar. The stirred mixture was cooled to 0 °C and PhMgBr (43.4 mmol, 29 mL, 1.5 M solution in ether) was added dropwise. After stirring the reaction mixture for 10 minutes at 0 °C the temperature was raised to rt and it was kept stirring for 2 hours. The mixture was poured into icewater (500 mL) and CH 2 Cl 2 (150 mL) was added. The phases were shaken well, separated, and the organic phase was shaken with water (2x150 mL), dried over MgSO 4 , filtered and the solvent was removed. The crude product was purified by chromatography on silica gel using acetonehexane mixtures (gradient elution with increasing polarity from 1:3 to 2:1) as eluents to give 16 (4.41 g, 41%) as a white solid. mp 192-194 °C (from acetone); R f : 0.29 (silica gel TLC, acetonehexane 1:2). Bis(2-hydroxyphenyl)phenyl-λ 5 -phosphanone (11). To Pd/C catalyst (10% Pd on charcoal, 1.20 g) methanol (10 mL) was added under Ar. The Ar protecting gas was exchanged by H 2 and the mixture was stirred under atmospheric H 2 for 10 minutes. The solution of 16 (4.01 g, 8.20 mmol) in methanol (150 mL) was added to the prehydrogenated catalyst and this mixture was stirred vigorously at 45 °C until the consumption of H 2 stopped. H 2 was exchanged by Ar and the mixture was filtered using a celite pad. The solvent was removed to obtain pure 11 (2.36 g, 93% 63 g, 7.8 mmol) was added under Ar. The mixture was stirred at reflux temperature for 3 hours and then at rt for 15 minutes. The solvent was removed and dry toluene (100 mL) and dry ether (30 mL) were added to the residue under Ar. The stirred mixture was cooled to 0 °C and PhMgBr (15.0 mmol, 10 mL, 1.5 M solution in ether) was added dropwise. After stirring the reaction mixture for 10 minutes at 0 °C the temperature of it was raised to rt and stirring was continued for 24 hours. The mixture was poured into ice-water (150 mL) and CH 2 Cl 2 (150 mL) was added to it. The phases were shaken well and separated. The aqueous phase was shaken with CH 2 Cl 2 (3x50 mL). The combined organic phase was dried over MgSO 4 , filtered and the solvent was removed. The crude product was purified by chromatography on silica gel using methanol-CH 2 (0.252 g, 0.54 mmol) in the same way as described above for 5. The crude product was purified by PLC on silica gel using methanol-CH 2 Cl 2 (1:30) as an eluent to give (R,R)-6 (0.239 g, 89%) as a white solid. mp168-170 °C (from methanol). (1.00 g, 1.9 mmol) and finely powdered anhydrous K 2 CO 3 (2.88 g, 20.9 mmol) were mixed with vigorous stirring in dry DMF (40 mL) under Ar. The temperature of the reaction mixture was raised to 80 °C and kept stirring at this temperature until TLC analysis showed the total consumption of the starting materials (4 days). The solvent was removed at 40 °C, the residue was suspended in water (200 mL) and it was extracted with CH 2 Cl 2 (4x100 mL). The combined organic phase was shaken with H 2 O (50 mL), dried over MgSO 4 , filtered and the solvent was removed. The crude product was purified by chromatography on silica gel using methanol-CH 2 Cl 2 (1:30) as an eluent to give (S,S)-7. This product was triturated with diisopropyl ether to give a yellow solid (0.39 g, 41% ,15S)-7,15-Dioctyl-22-phenyl-6,7,9,10,12,13,15,16,18,19-decahydro-25H- General procedure for the reduction of phosphanones to phosphanes. Triphenylphosphanone (17) (0.1 g, 0.36 mmol), and triethoxysilane (2.00 mL, 10.8 mmol) were mixed with vigorous stirring in a sealed tube under Ar. The temperature of the reaction mixture was raised to 150 °C and kept stirring at this temperature for 2 days. The solvent was removed at 40 °C and the crude product was purified by PLC on silica gel using hexane as an eluent to give triphenylphosphane . Macrocycle (R,R)-2 was prepared from phosphanone (R,R)-6 (0.11 g, 0.23 mmol) and trimethoxysilane (2 mL, 15.7 mmol) in the same way as described above for 18. The reaction was completed in 4 days. The solvent was removed at 30 °C and the crude product was purified by PLC on silica gel using methanol-CH 2 Cl 2 (1:40) as an eluent to give (R,R)-2 (0.0973 g, 71%) as a colorless oil. ,15S)-7,15-Dioctyl-22-phenyl-6,7,9,10,12,13,15,16,18,19-decahydro-25H-dibenzo[q,t]-[1,4,7,10,13,16,19]hexaaoxaphosphacyclooctahenicosin [(S,S)-3] . Macrocycle (S,S)-3 was prepared from phosphanone (S,S)-8 (0.10 g, 0.15 mmol) and trimethoxysilane (2 mL, 15.7 mmol) in the same way as described above for 18. The reaction was completed in 4 days. The solvent was removed at 30 °C and the crude product was purified by PLC on silica gel using methanol-CH 2 Cl 2 (1:60) as an eluent to give (S,S)-3 (0.0779 g, 78%) as a colorless oil. 
Ethyl bis(2-benzyloxyphenyl)phosphinate (15). Ethyl bis(2-hydroxyphenyl)phosphinate

